Introduction {#S0001}
============

Primary central nervous system lymphoma (PCNSL) is an aggressive form of non-Hodgkin's lymphoma (NHL), and approximately 95% of PCNSLs are diffuse large B-cell lymphomas (DLBCLs),[@CIT0001] which are morphologically indistinguishable from systemic DLBCL. The diagnosis of PCNSL often requires stereotactic brain biopsy and craniotomy, a highly invasive procedure with a 10% to 35% rate of diagnostic failure.[@CIT0002] The diagnosis rates, mortality and morbidity rates depend on the experience of the surgical team and the neuropathologist.[@CIT0005],[@CIT0007] Moreover, many lesions are not amenable to biopsy because of the small size, location in deep brain structures, risk of hemorrhage and other comorbidities. Early and less invasive diagnostic methods for PCNSL represent a challenge.

Th17 cells, a subset of CD4+ T cells, secrete interleukin 17 (IL-17), interleukin 10 (IL-10), interleukin 6(IL-6) and play critical roles in the pathogenesis of inflammatory and autoimmune diseases. The antitumor or protumor roles of Th17 cells in human tumor immunity, however, remain largely unknown and debatable[@CIT0008]. In addition, Th17 cells and IL-17 were elevated in human myeloma. The frequencies of Th17 cells and the levels of related cytokines (IL-17, IL-6, and TGF-β1) were increased in patients with acute myeloid leukemia (AML).[@CIT0016],[@CIT0017] Th17 cells and the associated cytokines were significantly lower in the peripheral blood from DLBCL patients than those in other cancer patients. In addition, the frequency of Th17 cells in the peripheral blood significantly increased in relapsed patients.[@CIT0014],[@CIT0019]

Several studies have suggested that cerebrospinal fluid (CSF) molecules, such as microRNAs (miR-21, miR-19, and miR92a), IL-10, and CXC chemokine ligand 13 (CXCL13), may be diagnostic biomarkers for PCNSL.[@CIT0009],[@CIT0010],[@CIT0011],[@CIT0012] Vitreoretinal lymphoma (VRL) is a subset PCNSL with a poor prognosis. IL-10 is a cytokine that is expressed by Th17 cells and is a documented biomarker for the diagnosis of VRL[@CIT0020]. IL-10 levels in the vitreous and aqueous humor (AH) have been shown to be elevated in patients with VRL and to be much higher than those in patients with uveitis.[@CIT0022]

IL −10 plays a role in lymphoma development, serving as a growth factor for B lymphocytes and as an inducer of the antiapoptotic Bcl-2 pathway. IL-6 is a lymphoid growth- related and differentiation-related cytokine involved in the regulation of immunity and inflammation. Accumulating evidence has indicated that the IL-10 level and the IL-10/IL-6 ratio in CSF were significantly higher in PCNSL patients and may represent a potential diagnostic biomarker for PCNSL[@CIT0023],[@CIT0024]. However, these results are controversial due to the small number of samples, research design defects and so on. The aim of our study was to investigate the diagnostic value of Th17 cell-related cytokines in CSF for PCNSL.

Patients and Methods {#S0002}
====================

Patients and Clinical Data {#S0002-S2001}
--------------------------

A total of 108 patients with suspected PCNSL based on radiographic examinations in our institution from August 2013 through June 2017 were admitted. Preoperative diagnostic procedures including magnetic resonance imaging (MRI) and/or computed tomography (CT) were completed. The tumor of the patients was confined to the brain, pia mater, spinal cord or eyes, and no other parts of the body were involved. To obtain a pathological diagnosis, brain biopsies, tumor removal, and lumbar puncture were performed after obtaining written informed consent. The final diagnosis of PCNSL was made based on histopathologic analysis of brain (n = 105) and cytology analysis of cerebrospinal fluid (n = 3). This study included 66 PCNSLs and 42 other types of brain tumors. Clinical data such as the CSF leukocyte levels, the CSF protein levels, the CSF mature lymphocytes radios, the CSF monocytes/macrophages radios, serum LDH levels, serum β2-MG levels were collected. Corticosteroid treatment and disease status of PCNSL patients were recorded at the time of each CSF puncture.

Methods {#S0002-S2002}
-------

One milliliter of CSF was drawn from the patients by lumbar puncture after obtaining informed consent and before surgery or biopsies. The CSF samples were centrifuged and frozen within 2 hours of collection, then stored at −80°C. The CSF levels of Th17 cell-related cytokines (including IL-1β, IL-4, IL-6, IL-10, IL-17A, IL-17F, IL-21, IL-22, IL-23, IL-25, IL-31, IL-33, IFN-γ, sCD40L, TNF-α and so on) were measured in 108 patients by Bio-Plex Pro^TM^ Th17 Cytokine Assay produced by Bio-Rad Laboratories, Inc. The assay principle is similar to that of a sandwich ELISA. Data from the reactions were acquired using a Bio-Plex system or a similar Luminex-based reader.

Statistical Analysis {#S0002-S2003}
--------------------

Differences between the groups were analyzed using the Mann--Whitney *U*-test. P˂0.05 was considered statistically significant. A receiver-operating characteristic (ROC) curve was drawn, and the diagnostic value of these cytokines was judged according to the area under the curve (AUC). The Youden index was used to help select the optimum cutoff values, and likelihood ratios were used to assess the IL-10 threshold value in the CSF. Two factors were combined with logistic regression analysis. The ROC curve was used to explore the value of the combined factors. Statistical analysis was performed using SPSS version 22.0 software package.

Results {#S0003}
=======

Clinical Characteristics and Th17 Cell-Related Cytokine Levels in the CSF of 108 Patients {#S0003-S2001}
-----------------------------------------------------------------------------------------

108 patients suspected PCNSL based on radiographic examinations were admitted. Of the 66 patients with PCNSL, 51 patients were DLBCL, 9 patients were B cell lymphoma, and 6 patients were unclassified PCNSL. Of the 42 patients with other brain tumor types, 2 patients had glioblastoma and 40 patients had metastatic tumors.

The mean age of PCNSL patients was 55 years, whereas the mean age was 52 years for other brain tumor patients. Men represented 61% of patients in the lymphoma group and 43% of patients in the other brain tumors group. There were no significant differences in age (t=1.20, *P=*0.24) or sex (t=1.20, *P*=0.24) between the two groups ([Table 1](#T0001){ref-type="table"}).Table 1Sex and Age Characteristics of 108 PatientsDiagnosisSubjects (n)Men (%)Mean Age (±SD)PCNSL664055DLBCL51B cell lymphoma9unclassified PCNSL6Other brain tumors421852glioblastoma2metastatic tumors40[^2]

The clinical characteristics of 66 PCNSL patients were examined, including 42 males and 24 females. The median age of patients was 55 years old. Most PCNSLs (77.3%) are diffuse large B-cell lymphomas. Most lesions were located in frontal lobe, followed by parietal lobe, temporal lobe, corpus callosum and lateral ventricle. Patients with serious central infection, intracranial hemorrhage, coagulation disorder, lumbar deformity were not admitted. A small number of patients received low-dose corticosteroids before lumbar puncture to relieve symptoms, detailed data not available. 56 Patients (84.8%) received chemotherapy alone, the rest both radiotherapy and chemotherapy, but no radiotherapy alone. The chemotherapy was based on high-dose methotrexate (HD-MTX). Some patients with CSF involvement were treated by intrathecal injection. The complete remission rate after three courses of treatment was 60.3%. The median progression free survival time was 18.7 months ([Table 2](#T0002){ref-type="table"}).Table 2Baseline Characteristics of 66 PCNSL PatientsBaseline Characteristicsn(%)Age (years) ≤5532 (48.5%) \>5534 (51.5%)Gender Female24 (36.4%) male42 (63.6%)KPS 0--143 (65.2%) ≥123 (34.8%)Deep lesion Yes56 (84.8%) No10 (15.2%)CSF Nuclear Cells Norma l(≤8×10^6^/L)49 (74.2%) High (\>8×10^6^/L)17 (25.8%)CSF Protein Normal (≤0.45g/L)24 (36.4%) High (\>0.45g/L)42 (63.6%)Eyes Involvement Yes13 (19.7%) No49 (74.2%)CSF Lymphoma Cells Yes25 (37.9%) No41 (62.1%)Spinal lesion Yes5 (7.6%) No56 (84.8%)Treatment RT+CT6 (9.1%) CT+RT4 (6.1%) CT56 (84.8%)Surgical excision Yes26 (39.4%) No40 (60.6%)Intrathecal injection Yes25 (37.9%) No4 (6.1%)[^3]

The CSF IL-10 levels and IL-10/IL-6 ratios were significantly higher in patients with PCNSLs than in patients with other brain tumors (58.2 pg/mL VS 1.5 pg/mL, *p*=0.001;24.3 VS 0.6, *p*=0.001). In addition, the CSF mature lymphocyte ratio and the CSF monocyte/macrophage ratio were significantly different between the two groups. The CSF IL-6 levels were higher in patients with PCNSLs than in patients with other brain tumors, but there was no significant difference (12.7 pg/mL vs 5.6 pg/mL, *p*=0.55) ([Table 3](#T0003){ref-type="table"}).Table 3Clinical Characteristics and Th17 Cell-Related Cytokine Levels in the CSF of 108 PatientsPCNSL (66)\
MeanOther Tumors (42) Mean*P* valuePCNSL (66)\
Median (P25, P75)Other Tumors (42)\
Median (P25, P75)*P* valueIL-10 (pg/mL)58.2±141.01.5±1.60.00156\
(2,89)0.8 (0.1,2.5)0.001IL-6 (pg/mL)12.7±59.25.6±8.90.5513 (0.8,16.4)4.3 (0.9,8.0)0.55IL-10/IL-624.3±83.20.6±1.10.00125 (0.7,43.9)0.2 (0.1,0.6)0.001IL-4 (pg/mL)8.7±2.38.2±3.00.968.5 (7.5,8.8)7.6 (7.4,8.0)0.96IL-17A (pg/mL)3.5±3.53.0±3.90.496.2 (1.0,9.4)1.0 (0.9,4.3)0.49IL-22 (pg/mL)9.1±6.98.6±6.90.899.5 (2.8,15.2)11.3 (0.9,15.0)0.89sCD40L (pg/mL)8.1±7.27.9±7.70.948.6 (0.8,14.5)7.5 (0.2,13.9)0.94TNF-α (pg/mL)1.7±1.71.2±1.30.491.7 (0.3,2.6)0.9 (0.06,1.9)0.49CSF protein (mg/l)0.7±0.50.8±0.70.670.5 (0.4,0.8)0.4 (0.3,0.8)0.67CSF WBC (x10^6^/l)13±3913±280.063 (1,8)5 (1,13)0.06Serum LDH (U/l)190±57195±580.56176 (155,218)183 (155,217)0.56Serum β2-MG (mg/l)1.6±0.51.8±0.70.141.6 (1.3,1.8)1.6 (1.4,2.0)0.14CLR (%)80±2167±300.0485\
(77,93)77\
(48,90)0.04CMR (%)8±916±160.015 (2,10)12 (5,28)0.01[^4]

The AUC of Th17 Cell-Related Cytokine CSF Levels in 108 Patients {#S0003-S2002}
----------------------------------------------------------------

The ROC curve was generated and the diagnostic value of these cytokines was evaluated according to the AUC. The Youden index was used to help select the optimum cutoff values. The AUC of the CSF IL-10 levels and the IL-10/IL-6 ratio was over 0.8 ([Figures 1](#F0001){ref-type="fig"} and [2](#F0002){ref-type="fig"}), which represented a significant diagnostic value for PCNSL. At an IL-10 cutoff level of 8.3 pg/mL, the sensitivity and specificity were 59.0% and 98%, respectively. At an IL-10/IL-6 cutoff of 1.6, the sensitivity and specificity were 66.0% and 91%, respectively. These parameters were highly valuable for PCNSL diagnosis, but their sensitivity was not satisfactory. The AUC of the CSF IL-6, L-22, sCD40L, and TNF-α levels and the other factors were near 0.5, with no significant diagnostic value ([Table 4](#T0004){ref-type="table"}).Figure 1ROC curves for the IL-10 CSF levels.Figure 2ROC curves for the CSF IL-10/IL-6 ratio.

Statistical Indices for the IL-10, IL-10/IL-6, IL-17A Threshold Values in CSF {#S0003-S2003}
-----------------------------------------------------------------------------

Likelihood ratios were used to assess the threshold value of IL-10 CSF levels. The positive likelihood ratio of cytokines over 10 indicated a significant diagnostic value. When IL-10 CSF levels exceeded 5 pg/mL, the positive likelihood ratio was 12.3, which was a significant diagnostic value. The positive likelihood ratios were 6.0 and 3.4 when the CSF IL-10/IL-6 ratio was greater than 1 and when IL-17A CSF levels were between 5--10 pg/mL, respectively, which were not statistically significant ([Table 5](#T0005){ref-type="table"}--[7](#T0007){ref-type="table"}).Table 4The AUC of Th17 Cell-Related Cytokine CSF Levels in 108 PatientsAUCCutoffSe (%)Sp (%)IL-10 (pg/mL)0.838.35998IL-6 (pg/mL)0.504.23067IL-10/IL-60.841.66691IL-4 (pg/mL)0.628.83079IL-17A (pg/mL)0.584.76781IL-22 (pg/mL)0.5713.65352sCD40L (pg/mL)0.5513.34655TNF-α (pg/mL)0.581.93779CSF protein (mg/l)0.550.633163CSF WBC (x10^6^/l)0.43241287Serum LDH (U/l)0.501854555Serum β2-MG (mg/l)0.411.653950CLR (%)0.63787350CMR (%)0.724.54876[^5] Table 5Statistical Indices for the IL-10 Threshold Values in CSFIL-10 (pg/mL)TotalPCNSL (%)Other Brain Tumors (%)+LR˂113 (19)21 (50)0.371--38 (11)12 (28)0.403--58 (11)7 (17)0.69≥541 (59)2 (5)12.3[^6] Table 6Statistical Indices for the IL-10/IL-6 Threshold Values in the CSFIL-10/IL-6TotalPCNSL (%)Other Brain Tumors (%)+LR˂0.18 (11)13 (31)0.370.1--0.55 (7)17 (40)0.180.5--17 (10)7 (17)0.60≥150 (72)5 (12)6.00

The Area Under the ROC Curve of the Combined Factors {#S0003-S2004}
----------------------------------------------------

Data before showed that the CSF IL-10 level and IL-10/IL-6 ratio were significantly higher in PCNSL but less sensitive. The sensitivity of IL-4 and IL-17A, the ratio of mature lymphocytes and the monocytes/macrophages ratio in CSF were relatively high. Therefore, two factors were combined to generate a new diagnostic factor with logistic regression analysis. The ROC curve was used to explore the value of the combined factors. In combination, the sensitivity increased by 15%, and the specificity remained above 85%. The best combination was IL-10 and IL-17A, whose sensitivity was 70% and specificity was 96% ([Table 8](#T0008){ref-type="table"}).Table 7Statistical Indices for the IL-17A Threshold Values in CSFIL-17A (pg/mL)TotalPCNSL (%)Other Brain Tumors (%)+LR˂116 (23)14 (33)0.691--531 (44)21 (50)0.895--1017 (24)3 (7)3.40≥106 (9)4 (10)0.90 Table 8The Area Under the ROC Curve of the Combined FactorsCombined FactorsAUCSe (%)Sp (%)IL-10+IL-10/IL-60.867092IL-10+IL-17A0.907096IL-10+IL-40.837085IL-10+CLR0.856489IL-10/IL-6+IL-17A0.837189IL-10/IL-6+IL-40.837085IL-10/IL-6+CLR0.856892[^7]

In summary, high level of IL-10 and high radio of IL-10/IL-6 in cerebrospinal fluid was specific for diagnosis of primary central nervous system lymphoma. The CSF IL-4 levels, the CSF IL-17A levels, the CSF mature lymphocytes ratios, the CSF monocytes/macrophages ratios were of high sensitivity. In combination, the sensitivity reached 70%, and the specificity remained above 85%. The best combination was IL-10 and IL-17A, whose sensitivity was 70% and specificity was 96%.

Discussion {#S0004}
==========

PCNSL is a rare NHL whose clinical characteristics are not specific and diagnosis is difficult. More than 90% PCNSLs are diffuse large B-cell lymphomas, which have a poor prognosis.[@CIT0001] There is currently no standard treatment for PCNSL. Chemotherapy based on high-dose methotrexate is currently recommended as the first-line treatment.[@CIT0002],[@CIT0004] Therefore, early diagnosis is very important for treatment and prognosis of PCNSL.

Currently, the gold standard for PCNSL diagnosis is stereotactic brain biopsy,[@CIT0003] which is difficult, expensive and traumatic, with a failure rate of 10% −35%.[@CIT0007] At the same time, serious complications such as hemorrhage and intracranial infection may occur.[@CIT0006] Some patients cannot undergo biopsy because of the small size of the lesion, the deep location, the poor physical condition and so on. In recent years, accumulating studies on PCNSL have been performed. However, the results have been controversial due to the small number of samples, research design defects. The aim of our study was to investigate the diagnostic value of Th17 cell-related cytokines in CSF for primary central nervous system lymphomas.

In recent years, related studies have shown that Th17 cells, as tumor-infiltrating lymphocytes that secrete cytokines such as IL-17, IL-10 and IL-6, exist in the tumor microenvironment of various solid tumors such as nasopharyngeal carcinoma, gastric cancer, colon cancer, pancreatic cancer and ovarian cancer.[@CIT0013],[@CIT0015],[@CIT0016] In addition, several studies have shown that Th17 cells are closely related to the development of AML, multiple myeloma and NHL.[@CIT0025],[@CIT0026] The frequencies of Th17 cells and the levels of related cytokines (IL-17, IL-6, and TGF-β1) were increased in patients with AML. Th17 cells and the associated cytokines were significantly lower in the peripheral blood of DLBCL patients than those in other cancer patients. IL-10 is a cytokine expressed by Th17 cells, which were significantly increased in patients with vascular immunoblastic T-cell lymphoma (AITL) (P \< 0.05).[@CIT0021] The clinical symptoms of extranodal NK/T-cell lymphoma (ENKTL) patients were more severe in patients with high serum IL-10 levels (\> 12.28 pg/mL).[@CIT0027]

IL-10 is an immunoregulatory factor that plays an important role in many diseases, such as autoimmune diseases, inflammation, and tumors. IL-10 can be secreted by a variety of immune cells such as monocytes, macrophages, Th2 cells, Th17 cells, B cells, dendritic cells and by non-immune cells.[@CIT0009] IL-10, as a growth factor of B lymphocytes, plays an important role in the development of lymphoma by inducing and activating the Bcl-2 antiapoptotic pathway.

In 2012, a retrospective study from Sasayama found that the CSF level of IL-10 was significantly higher in PCNSL than in other intracranial tumors; the CSF level of IL-10 decreased in all patients after treatment and the CSF level of IL-10 increased again in most recurrent patients.[@CIT0022] In 2016, Nguyen-Them and other researchers examined the CSF levels of IL-10 and IL-6 in 79 PCNSL patients and in 40 patients with other central nervous system diseases. The results showed that the CSF levels of IL-6 and the IL-10/IL-6 ratio were not significantly different.[@CIT0029] Therefore, the results regarding the diagnostic value of the IL-6 CSF levels and the IL-10/IL-6 ratio are controversial.

In this study, the CSF IL-10 levels and the IL-10/IL-6 ratio were significantly higher in PCNSLs than in the other brain tumors (58.2 pg/mL VS 1.5 pg/mL, *p*=0.001;24.3 VS 0.6, *p*=0.001). The CSF IL-6 levels were higher in PCNSLs than in other brain tumors, but there was no significant difference (12.7 pg/mL vs 5.6 pg/mL, *p*=0.55). At an IL-10 cutoff level of 8.3 pg/mL, the sensitivity and specificity were 59.0% and 98%, respectively. At an IL-10/IL-6 cutoff of 1.6, the sensitivity and specificity were 66.0% and 91%, respectively. The CSF IL-10 levels over 5pg/mL (+LR 12.3) was of significant value for the diagnosis of PCNSL. These parameters were highly valuable in PCNSL diagnosis, but their sensitivity was not satisfactory. The reasons for the low sensitivity may be that the sample numbers were not large enough, that different detection methods were used in different studies and that different cutoff points were chosen. When the cutoff point of the CSF IL-10 levels was 2.8 pg/mL, the sensitivity and specificity are 70% and 76%, respectively.

The sensitivities of the CSF IL-4 and IL-17A levels and the CSF mature lymphocyte and monocyte/macrophage ratios were relatively high. In combination, the sensitivity increased by 15% and the specificity remained above 85%. The best combination was IL-10 and IL-17A, whose sensitivity was 70% and specificity was 96%. There have been no relevant studies on the diagnostic value of IL-4 and IL-17A CSF levels. However, studies on NHL have shown that in the peripheral blood of B-cell NHL patients, the Th17 cell level was significantly lower than that in the peripheral blood of healthy people. The plasma level of IL-17AF was significantly reduced, and the IL-17AA level did not significantly change. Th17 cell levels in relapsed patients were significantly higher than those in patients before treatment or in healthy people. Researchers believe that changes in Th17 cell levels may be associated with treatment responses, pathological types and tumor stages in B-cell NHL patients.[@CIT0014]

IL-17A is a major inflammatory cytokine secreted by Th17 cells. IL-17A plays an important role in microbial infections. IL-17A also participates in inflammation, autoimmune diseases, metabolic diseases, tumorigenesis and development. In vivo and in vitro experiments performed abroad on IL-17A have shown that IL-17A can further promote the growth of DLBCL tumors by promoting the proliferation and angiogenesis of malignant tumors.[@CIT0016],[@CIT0028] However, domestic studies also showed that the Th17 cell level and the IL-17 and IL-21 levels in DLBCL patients were negatively correlated with the International Prognostic Index (IPI) scores. There is no consensus about whether Th17 cells can promote or inhibit the development of tumors. Most evidences show that Th17 cells exert antitumor immune effects in DLBCL.[@CIT0018] However, the mechanism is still unclear. Therefore, a large number of in vitro and in vivo experiments are needed to further confirm this conclusion.

Conclusion {#S0005}
==========

In conclusion, the IL-10 CSF level is a useful diagnostic biomarker for PCNSL patients, less invasive than current diagnostic methods. IL-4, IL-17A, mature lymphocytes, and monocytes/macrophages can contribute to the diagnostic value of IL-10 and the IL-10/IL-6 ratio in CSF. Few studies about the correlation between the IL-4, IL-17A CSF levels and PCNSL have been reported, and the mechanism needs further confirmation.
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